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Navistar & DOE SuperTruck 1]

Development and Demonstration

Greater than 100% improvement
in vehicle freight efficiency (FE)
(on a ton-mile-per-gallon basis)
relative to a 2009 baseline with a
stretch goal XXX% improvement.

Greater than or equal to 55%
engine brake thermal efficiency
(BTE) demonstrated in an
operational engine at a 65-mph
cruise point on a dynamometer.

Develop technologies that are
commercially cost effective in
terms of a simple payback.



Partnerships and Laboratories A

Gas Compression Ignition
(GClI) and Combustion
Systems

Aerodynamic CFD

Fuel Systems

Composites

Axles and Drive Systems
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Period Deliverables

Requirements / Technology
Assessment & Initial
Hardware Testing
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Engine: Work Plans

Engine Architecture

Air Handing System

Combustion & Fuel Al s
SyStem .. Z i - e (8 WHR is critical for

Aftertreatment System

WHR System

5T1 Base Engine Engine AirHandling Combustion and Aftertreatment WHR System
Architecture System Fuel System System
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Engine 55% BTE Objective

* Objective: Research, develop, and demonstrate a heavy duty engine
that achieves following goals:

e Attain greater than or equal to 55% BTE demonstrated in an operational
engine at a 65-mph cruise point on a dynamometer

* Meets prevailing federal emission standards

EGR System

Fuel SyStem * Low Pressure Drop
Combustion System

®* Redesigned
Combustion System

Air Handling System
* Variable Geometry Turbo
e Ball Bearing Turbocharger

Reduced friction losses
e Piston & Sleeve design

High Efficiency Gear Train
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Engine Architecture

Detailed friction model developed

Investigating opportunities for increased friction reduction.

Friction power increases near a linearly rate with CR on
cranktrain.

High PCP in combination with high CR
gives diminishing returns.

There is minimal effect on the valvetrain
friction power from the increased CR.

Friction Power - Valvelrain Total

Power [HP]

205 220 235 250 265

Compression Ratio
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Air System

S 4

‘Turbocharger efficiency is a key area for engine BTE gain.

Exhaust and EGR system design modifications, including the low pressure EGR loop.

Open symbol = EGR valve @ full open

|50lid symbol = EGR valve @ full close |

Results show that, at a constant power, reducing Decreasing RPM ~——

| @constant power M
i v

the engine speed results in a shift of

compressor efficiency.

Proper pulse energy management could drive EGR even at negative
back to boost pressure difference.

Pressure [bar]

-180  CMP
BDC

LP EGR could achieve significant NOx reduction

with no negative impact to BSFC. g PSR )H\:;GR
g ¢-----:‘_ﬂ'§9_/6_ _______

BS NOx (g/hp-hr)
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WHR ORC ¢

WHR is critical in reaching 55% BTE. Major sources of waste heat include engine coolant,
CAC, EGR, and exhaust.

Models have been developed, optimizing system configurations to maximize the BTE gain.

Coolant Heat

Fuel Exhaust Heat
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Working fluid must be
selected based on system.

Split systems are being investigated: HT and LT loops.

sTujune2017  This presentation does not contain any proprietary, confidential, or otherwise restricted information.



(ANL) Gasoline Compression Ignition Evaluation é

Objective: Evaluate performance opportunities

with new gasoline (GCl) strategy Utilize engine platform with PFl and

DI capabilities

shtrcl Capability

-

(=1 [ QLW

Kinetic

Fremixed noreasing overall mixture stratification
Homogeneous (at start of combushon)

F— Initial investigations underway with
87 AKI E10 pump gasoline

Demonstrate
peak BTE

GCl concept for SuperTruck Il operating targets

Load

= Build off prior research into LTC and GCI
= Demonstrate increased BTE at key operating conditions

1 trion
A/’cdm@"éW
. . . . 1 an
= Maintain overall engine operating range M

Engine Speed
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Vehicle

Greater than 100% improvement in vehicle
freight efficiency (FE) (on a ton-mile-per-
gallon basis) relative to a 2009 baseline
with a stretch goal XXX% improvement.




SuperTruck Il: Design Philosophy

Next Generation Transmissions: o Build on SuperTruck | Aero

AMT w/more gears _ T
Optimized gear ratios
eCoast technologies ! _ - Y

Start/Stop capability

Lightweight Cab & Sleeper
/ (Composite)

Improvements
Speedform aero

Enhanced cooling

Elecjrical fan cooling

Lightweight Frame Rails
(Composite, Laminate)

High Efficiency 6x2 Drive Axle
w/on the fly differential lock ) )
TAG axle Updated, light weight,

o ISG air ride suspension
(Electrified) w/Li battery
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Drivetrain/Axles

Defining Scope of Work for Navistar ST-1l DOE program:

Motorized Electric Tag Axle
Tag axle auxiliary electric motor(s) for improved traction of 6x2
Working with DANA and E-motor suppliers to select most
viable configuration

Simulation Analysis under way
Defined vehicle architecture parameters
Defined viable HW configuartions options
Defined E-Motor characterisics
Defined road cycles for simulation

Hybrid Module
Integrated on transmission for high power and efficient
operation

Ingut
Pi= EMasching on tha gear
output

P4= Axla Drive

Drive axles
RAR=X.XX prototype- gear set designed, CAE work complete.
RAR <X.XX — feasibility study, results/conclusion byQ3 2017
On-The-Fly Diff. Lock - started existing HW component
durability analysis for cycle life testing, MRD- Q4-2017
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Advanced Cooling

Advanced Cooling Activities
- Designing cooling system configuration
* Reviewing a common cooling/WHR approach
* Defining an eFan approach to engine cooling

» Defining electric accessories (fans, coolant pump, coolant control valves)
I

Bailer Super Hegler 1
| (Coclant) AExhaust)
1
AfErnraz e —
s Supey Heater 2
EGR
el | : ] WHR Condenser
ﬂl%."

" Engine

Legend

Fower : l: : EE
Turbine }
- @ @ | 4
cac | | [Feoeers bt G Fan-on Order: 1-2-3-4-5-6
@ - = LL _WHE werking Fluid
FGR Gas

| WHR Condenser |

e e— WHR condenser is the only heat
exchanger in front of the truck

Cooant

Develop coolant diverter valve with IMI , , ,
Using electric fans, electric

This valve will replace the thermostats, coolant pump and electric
can be used to optimize the flows to the control valves
cylinder head and the block.
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Aerodynamic Development

Supertruck Architecture Relative to Peak Aero Performance Speedform GSF2:

|dealized Tractor Trailer Speedform (GSF2)
Developed With LLNL represents the optimal
drag configuration.

Relative to peak aero model- SuperTruck T4
Configuration (SuperTruck I) achieved 48% of
the potential drag improvement.

Ideal Speedform

Supertruck 1 Speedform

Further aero improvement opportunities are being
evaluated to achieve the optimal Tractor and Trailer
Architecture.
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Predictive Cruse Control ST

The Future of: PCC

V2V and V2I High Voltage KERs
Smart Map Data

eHVAC

Pneumatic KERs

Tractor Axle Biasing

¥

Predictive Cruise and
s"‘a‘loan’::rgg:;:' alr nteligent Air Control (IAC) Vehicle Inputs
' toeor o Dual Displacement
a‘ EEEE——( k

— Power Steering Pump
m— S VL
- o:mm €9 A
W —— & ——

' ’ \ Smart Engine Cooling

Electric KERs
48V generator / motor 28V L~ Engine Neutral Electronic Thermastats Vedhible peod Pamps
Coast/Shifting Control Adaptive Cruise : %
~) Integration .
Jspeed Fan urive
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Reviewer Comments TS BT
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